Compact dual-band multi-focal diffractive lenses by Britton, Wesley A. et al.
Compact dual-band multi-focal diffractive lenses
Wesley A. Britton,1, ∗ Yuyao Chen,2, ∗ Fabrizio Sgrignuoli,2 and Luca Dal Negro1, 2, 3, ∗∗
1Division of Materials Science & Engineering, Boston University,
15 Saint Mary’s St., Brookline, Massachusetts 02446, USA
2Department of Electrical & Computer Engineering and Photonics Center,
Boston University, 8 Saint Mary’s Street, Boston, Massachusetts, 02215, USA
3Department of Physics, Boston University, 590 Commonwealth Avenue, Boston, Massachusetts, 02215, USA
We design, fabricate, and characterize multifunctional and compact diffractive microlenses with
sub-wavelength thickness and the capability to simultaneously focus visible and near-infrared spec-
tral bands at two different focal positions with 24% and 15% measured focusing efficiency, re-
spectively. Our technology utilizes high-index and low-loss sputtered hydrogenated amorphous Si,
enabling a sub-wavelength thickness of only 235 nm. Moreover, the proposed flat lens concept is
polarization insensitive and can be readily designed to operate across any desired wavelength regime.
Imaging under broadband illumination with independent focal planes for two targeted spectral bands
is experimentally demonstrated, enabling the encoding of the depth information of a sample into
different spectral images. In addition, with a small footprint of only 100µm and a minimum feature
size of 400 nm, the proposed multifunctional and compact diffractive microlenses can be readily
integrated with vertical detector arrays to simultaneously concentrate and spectrally select electro-
magnetic radiation. This provides novel opportunities for spectroscopic and multispectral imaging
systems with advanced detector architectures.
I. INTRODUCTION
Spatial and spectral discrimination of electromagnetic
radiation are the basic mechanisms that enable spectro-
scopic and multispectral imaging devices. Multispec-
tral systems are essential tools in medical diagnostics
[1], environmental sensing, [2] and defense technologies
[3]. However, on-chip integration of advanced multispec-
tral systems requires significant improvements in minia-
turization as well as the demonstration of novel optical
functionalities that presently drive the impressive devel-
opment of metalenses and flat optics technologies [4–8].
The flat optics approach has demonstrated exceptional
control and engineering of optical waves with capabil-
ities that are often unattainable using alternative de-
signs or naturally available materials [9–16]. In particu-
lar, flat optics microlenses have been demonstrated using
sub-wavelength resonant elements that impart desired
phase profiles on a single plane, following the paradigm of
metasurfaces [17, 18], or using optimally designed nanos-
tructured masks that focus light beyond the diffraction
limit based on optical super-oscillations [19–21]. Specif-
ically, phase-engineered metalenses and/or numerically
optimized super-oscillation lenses achieve desired phase
profiles within optically flat devices [22, 23] for the real-
ization of photonic components with novel functionalities
and sub-wavelength thicknesses [24–26]. However, most
meta-optics designs achieve their desired phase profiles
through either geometrical phase modulation, which re-
quires polarized radiation [27, 28], or through engineered
resonance behavior, which introduces unavoidable losses
∗ These authors contibute equally to this work
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that reduce the overall focusing efficiency [25, 29]. Fur-
thermore, the development of meta-optical components
with deep sub-wavelength elements for visible applica-
tions requires specialized nanofabrication with reduced
scalability, especially when non-conventional phase gra-
dients and modulations are required to achieve novel op-
tical functionalities beyond single-point imaging.
Alternatively, multifunctional diffractive microlenses
with engineered electromagnetic phase distributions are
well-suited for on-chip photonic integration, have demon-
strated excellent scalability [30] and have efficiencies and
imaging performances that often exceed current meta-
optics approaches [8, 21]. For example, multilevel diffrac-
tive lenses (MDL) can be conveniently produced by pho-
tolithography and can reach first-order diffraction effi-
ciencies > 90% after only few processing iterations [31].
In addition, MDLs with high numerical aperture (NA)
have been demonstrated with values as large as 0.9 [32]
and 1.43 [33] when immersed in water.
However, traditional diffractive microlenses are limited
to operation within a single narrow wavelength band.
Moreover, the first-order diffraction efficiencies can de-
crease by as much as 50% over their fractional bandwidth
[31]. Likewise, the intrinsically large focusing dispersion
of diffractive microlenses significantly limit their broad-
band performance. More advanced phase engineering ap-
proaches seek to decrease MDL dispersion resulting in
achromatic focusing behavior [32, 34].
In this paper, we design, fabricate, and characterize
four-level diffractive microlenses with engineered phase
profiles that allow for selective focusing of two well-
separated wavelength bands in the visible and near-
infrared regime. The proposed multifunctional design
provides extended capabilities to diffractive microlenses
beyond single-band wavelength applications. Our fab-
ricated compact dual-band multi-focal diffractive lenses
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2have sub-wavelength thicknesses and a small footprint of
100µm, facilitating integration with compact on-chip ele-
ments and microlens arrays [35–40]. Moreover, the use of
a high-index hydrogenated amorphous Si (a-Si:H) plat-
form is well-suited for monolithic integration with ver-
tical point detectors or detector arrays, enabling com-
pact spectroscopic technologies and advanced multispec-
tral imaging systems.
II. DESIGN AND SIMULATION METHOD
Figure 1(a) illustrates the basic concept of dual-band
multi-focal compact diffractive lens elements. These de-
vices are based on two distinct phase modulations spa-
tially separated into an inner circular region, shown in
light blue, and an outer annular region, shown in or-
ange, interlocked on the same device plane. Each phase
component is responsible for focusing a distinct wave-
length band at a selected focal position along the opti-
cal z-axis. Namely, upon illumination with a polychro-
matic spectrum this device will focus selected wavelength
bands centered around λ1 and λ2 at pre-defined distances
f1 and f2 along the z-axis. This operation mechanism
differs from traditional multi-focal lenses that generate
multiple longitudinal focal spots for the same wavelength
[41, 42]. Rather, our device design enables the simultane-
ous focusing of different spectral bands either at separate
focal points or at the same one.
We study the wave diffraction problem of the proposed
dual-band multi-focal MDL using the rigorous Rayleigh-
Sommerfeld (RS) first integral formulation. This ap-
proach is valid beyond the paraxial approximation [43].
We consider devices located on the xy plane illuminated
by a normally incident plane wave, which results in a
diffracted field that propagates along the +z direction.
The field amplitude is computed according to RS with
the following expressions:
U2 (x
′, y′; z, k) = U1 (x, y) ∗ h(x, y; z, k) (1)
h(x, y; z, k) =
1
2pi
z
ρ
(
1
ρ
− jk
)
e(jkρ)
ρ
. (2)
Here ∗ denotes the convolution operation, while U1 and
U2 are the complex transverse field distributions of the
object and of the image, respectively. Furthermore, k is
the incident wavenumber, and ρ =
√
x2 + y2 + z2, where
z is the distance between the device and image plane.
We consider U1 (x, y) = e
jΦ(r), where Φ(r) is the phase
profile on the device that is explicitly represented as:
Φ(r) =

{
− 2pi
[(√
r2 + f21 − f1
)]
/λ1
}
2pi
0 < r < r1{
− 2pi
[(√
r2 + f22 − f2
)]
/λ2
}
2pi
r1 < r < R.
(3)
FIG. 1. (a) Schematic of flat dual-band multi-focal lenses.
These devices are characterized by two concentric regions (the
blue and the orange one) with tailored spatial distributions
that, upon illumination with a polychromatic spectrum, will
focus selected wavelength bands centered at λ1 and λ2 at
designed focal points f1 and f2. (b) Simulated intensity pro-
file, normalized with respect to its maximum value, in the
xz-plane produced by a MDL with R/r1 equal to 1.71. R
and r1 are the radius of the inner and outer region, respec-
tively. (c) Normalized spectral response of the dual-band
MDL device discussed in panel (b) evaluated at f1 = 80µm
and f2 = 110µm. (d) Computed focusing efficiency η for the
two designed wavelengths as a function of the geometrical pa-
rameter R/r1. (e) Design of the focusing efficiencies η1 and
η2, by fixing R/r1 equals to 1.55, as a function of different
effective thicknesses t˜.
where r1 and R indicate the maximum radial extensions
of the first and of the second phase components, respec-
tively. We utilize the phase profiles of separate Fresnel
lenses because they guarantee large focusing efficiency
around each of the operating wavelengths λ1, λ2 of the
two targeted spectral bands and at the focal lengths
f1, f2. The 2pi subscripts in eq. (3) indicate the reduc-
tion by modulo 2pi. This phase design retains rotational
symmetry along the optical axis, which preserves polar-
ization independence. Likewise, it ensures a rotationally
symmetric point spread function (PSF) for improved fo-
cusing and imaging quality. In the present study, we
have discretized the phase profile Φ(r) into four levels,
3FIG. 2. First (a) and second (b) lithographic masks used to fabricate the dual-band MDL microlens. (c) Fabrication process
flow based on top-down lithography methods. (d) Top-view of the optical reflection image of the fabricated device upon bright
field illumination. Panels (e) and (f) show, respectively, the full top-view and a higher magnification at 45◦ of the SEM images
of the fabricated MDL microlens.
which significantly improves ease of fabrication by re-
quiring only two different lithographic steps.
As a proof of principle, we have selected visible and
near-infrared (NIR) spectral regions centered at λ1 =
632.8 nm and λ2 = 808 nm. In addition, we have chosen
the small focal distances f1 = 80µm and f2 = 110µm,
which are compatible with on-chip multi-layer detector
technologies [35, 36]. We remark that by changing the
radial extension of the first and second phase compo-
nents, we can control both their relative intensity and
focusing efficiency. Indeed, by choosing R/r1 = 1.71 ,
we can design a device with equal focusing intensities at
two well-separated focal lengths. This is shown in panel
(b) where we report the intensity distribution profile of
the two focal spots on the xz-plane. Furthermore, its
spectral response (SR), defined as the maximum field in-
tensity at the two designed focusing planes (f1 = 80µm
and f2 = 110µm) as a function of wavelengths, is shown
in Fig. 1 (c). Our results demonstrate that the two wave-
length bands are not only well-separated spatially, but
also spectrally. This feature is important in multispec-
tral imaging applications [35, 36] and for the integration
with optoelectronic devices [24]. Moreover, we can also
independently control the focusing efficiencies η1 and η2
of the inner and outer phase components through the ge-
ometrical ratio R/r1. This is demonstrated in Fig. 1 (d).
In our work, we define the focusing efficiency η(λ, z) as
the ratio of the image plane intensity I ′ within a spot size
of three times the full-width-at-half-maximum (FWHM)
to the incident intensity profile I integrated over the en-
tire device area [8, 24]:
η(λ, z) =
∫ 3FWHM
0
dr′
∫ 2pi
0
dθ′I ′(λ, z, r′, θ′)∫ R
0
dr
∫ 2pi
0
dθI(λ, z = 0, r, θ)
. (4)
From Fig. 1 (d), evaluated considering I ′(λ, z, r′, θ′) =
|U2|2, we find that a value of R/r1 = 1.55 equalizes the
two efficiencies such that η1(λ1, f1) = η2(λ2, f2) = 31%.
Note that, in addition to retaining the previously defined
parameter values, we have also set R = 50µm (see Sup-
plement 1 for more details regarding the dependance of
the device performance on R). We selected r1 ≈ 31µm
and R = 50µm to fabricate and experimentally charac-
terize the designed compact microlens.
We recall that MDLs exploit variations in the thick-
ness of materials to impart desired phase delays on the
incident radiation. In order to satisfy the designed phase
condition of our dual-band device, the material thickness
of the inner region t1 and outer annular region t2 have to
be equal to tk = 3λk/4(n−1), where n is refractive index
and k = 1, 2. Therefore, four lithography process steps
are required to fabricate the resulting device. However,
to ease this fabrication process, we can identify a cen-
tral wavelength λ˜ to determine an effective total device
thickness t˜ =3λ˜/4(n − 1) across the entire device area,
reducing the required lithographic process steps to only
two with a small reduction in the overall efficiency. This
is reported in Fig. 1 (e) where we display the focusing ef-
ficiency of the inner (η1 in blue line) and outer (η2 in red
line) phase components as a function of t˜. Specifically,
an effective device thickness equal to 266 nm, indicated
by the black dashed line in Fig. 1 (e), equalizes η1 and η2
to 30%, resulting in a reduction of only 1% with respect
to the results of panel (d).
III. GROWTH AND FABRICATION METHOD
Reactively sputtered hydrogenated amorphous Si (a-
Si:H) enables the compact realization of our design. This
material has excellent transparency and a high refractive
index (n ≈ 3.0) at visible and NIR wavelengths. Like-
4FIG. 3. (a) Experimental optical setup used for measuring the focusing properties of the fabricated multilevel diffractive lenses.
Simulated (b) and (c) measured intensity profiles along the focusing xz-plane normalized with respect to its maximum. Panels
(d) and (c) show the intensity cut-profile of the normalized maps (b) and (c) as a function of the optical axis z, respectively.
wise, physical deposition by sputtering is a low cost and
scalable process. Markedly, well-hydrogenated and al-
loyed low-loss a-Si:H is transparent until a sharp increase
in the optical absorption edge between 2.1 eV and 2.2 eV ,
representing an optical bandgap [44]. However, sputtered
a-Si:H dispersion and optical properties are highly de-
pendent on deposition conditions. The a-Si:H thin films
in this study were grown reactively on fused silica, SiO2,
substrates using a Denton Discovery D8 magnetron sput-
tering system. In preparation before deposition, sub-
strates were solvent washed, sonicated, and plasma ashed
in an O2 atmosphere (M4L, PVA TePla America). The
a-Si:H films were deposited using the following condi-
tions: sputtering base pressure was kept below 3× 10−7
Torr, deposition pressure was kept at 10 mTorr with a
Ar:H2 gas flow ratio of 4:1 Sccm, substrate was heated
to 300◦C, and RF deposition power on the 3′′ intrinsic
Si target was set to 200W. The materials’ optical dis-
persion was characterized using ellipsometry (V-VASE,
J.A. Woollam) on 50 nm films. Our deposition process
was optimized so that the final films used for fabrication
have an average index of n = 3.0 and absorption coeffi-
cient of α < 5 × 103cm−1 across the entire operational
range. Detailed film characterization is provided in the
Supplement 1.
As discussed in the previous section, we identify an
effective total device thickness t˜. As a consequence,
our fabrication method uses only two lithography pro-
cess steps to realize a four-level discretized device. Fig-
ure 2 (a-b) show the first and second etch mask designs,
respectively. The first etch mask is created by combin-
ing the 3pi/2 and pi level phase areas, and the second
etch mask is the combination of the 3pi/2 and pi/2 level
areas. The general fabrication process flow is shown in
Fig. 2 (c). Steps 1 through 3 and 4 through 6 are associ-
ated with the first and second process iterations, respec-
tively. First, steps 1 and 4 are the lithographic patterning
of the first and second etch mask, respectively. The de-
signed etch masks are transferred to metal hard masks
with lithography and electron beam evaporation using a
positive resist and a lift-off process. Next, steps 2 and
5 are deep anisotropic etches of thicknesses with target
values λ˜/2(n − 1) = 177 nm and λ˜/4(n − 1) = 89 nm,
respectively. Finally, steps 3 and 6 are wet etch removals
of the residual hard masks.
Our specific fabrication process utilizes electron beam
lithography (EBL), a Cr hardmask, and a reactive ion
etching (RIE) anisotropic dry etch for both processing
iterations. In addition, we deposit Au alignment marks
with Ti adhesion layers before device fabrication. For
the lithography process, MicroChem PMMA A3 positive
resist was spun at 3000 rpm and baked in an oven at
170◦C for 20 min. After both resist baking steps, a thin
conducting layer of Au was deposited using a Cressing-
ton 108 Manual Sputter Coater. Details on the exposure
and etching processes of our device are reported in the
Supplement 1.
Figure 2 (d-e) show optical and SEM images of the top
view of the fabricated device. Each of the four phase
layers in Fig. 2 (d) are distinguishable as different colors
because of color enhancement by optical interference ef-
fects. The phase jump at r = r1 is clear in both of these
images. A higher magnification 45◦ angled SEM image
of the fabricated device is shown in Fig.2 (f). This image
shows all four levels of the fabricated device. However,
due to the etch rate reduction associated to the RIE lag,
the total device thickness of the fabricated device results
to be 235 nm [45] (see also Supplement 1 for more de-
tails).
5IV. OPTICAL CHARACTERIZATION METHOD
The performances of the fabricated devices are exper-
imentally characterized using the customized visible and
near-infrared (NIR) imaging system with z-translation
capabilities, as illustrated in Fig.3 (a). It utilizes a
tunable Ti:sapphire (Mai Tai, Spectra-Physicsop) quasi-
CW laser source (fs pulse width, but with MHz repeti-
tion rate) that allows wavelength selective measurements
over a broad visible and NIR spectral band (690 nm –
1000 nm), and a HeNe laser (Hughes 3225H-PC) for char-
acterization at 632.8 nm. We incorporate a λ/2 waveplate
and a linear polarizer to attenuate both sources. In addi-
tion, a 4f lens system is used to expand the beam, which
approximates a plane wave source illumination and re-
duces any contribution from beam convergence or diver-
gence. An imaging system consisting of a 0.9 numerical
aperture (NA) objective (Olympus MPLFLN100xBDP),
an iris (to remove stray reflections), and a CMOS camera
(Thorlabs DCC1645C, with short-pass filter removed) is
translated along the z-axis in unison by a motorized
translation stage (Thorlabs LNR50S). This allows the
characterization of the image plane intensity profile as
a function of distance along the z-axis.
The x- and y-axis scaling was calibrated using an Au
alignment mark with known dimensions. The reference
data was measured by a transverse translation away from
the device and imaging the bare substrate and residual
a-Si:H film. Reference and signal data were taken at
different exposure times to compensate for the increase in
intensity due to focusing. The dark background average
was subtracted from both data sets to compensate for
the different exposure times.
V. RESULTS AND DISCUSSION
Our dual-band multi-focal compact microlens was ini-
tially characterized at its operation wavelengths, λ1=
632.8 nm and λ2= 808 nm. Figure 3 (b) shows the ex-
pected electric field intensity distribution in the xz-plane,
normalized with respect to its maximum. This plot shows
that the two targeted wavelengths are both well focused
at their designed focal distances f1 = 80µm (thus a NA
of 0.4) and f2 = 110µm (thus a NA of 0.47), respectively.
Figure 3 (c) displays the measured intensity distribution
in the xz-plane, also normalized with respect to its maxi-
mum. This analysis was performed by combining a series
of images taken parallel to the device plane when scan-
ning the z-axis with a resolution of 0.3 µm. The measure-
ments are in excellent agreement with the simulations
demonstrating the validity of the proposed approach. In
order to compare the position of the maximum value of
the focusing intensity along the optical axis as well as the
focal depth obtained in the experiments with respect to
simulation, we report their intensity cut-profile along the
z-axis in Figs. 3 (d) and (e), respectively. The measured
FWHM of the focal depths of the two phase components,
FIG. 4. Panel (a) shows the simulated spectral response of the
MDL device evaluated at the focal plane f2=110µm (continu-
ous red-line), normalized with respect to its maximum value.
The measured SR is also reported with red-circle markers.
Panel (b) compares the measured (diamond-markers) and the
simulated (dashed-lines) FWHM of the point spread functions
relative to the two phase components (blue for inner com-
ponent and red for the outer component), respectively, with
respect to the analytical diffraction-limited PSF (continuous-
lines). The error bars are evaluated by using the results ob-
tained at the planes one scanning step before and after the
focal plane.
shown in Fig. 3 (e), are found to be equal to 14λ1 and
20λ2, respectively. These values are close to the pre-
dicted ones calculated to be 12λ1 and 18λ2, respectively
(see Fig. 3 (d)). On the other hand, we measured an ef-
ficiency of η1(λ1, f1) = 24% and η2(λ2, f2) = 15% rather
than η1(λ1, f1) = η2(λ2, f2) = 30%. This difference in
efficiency is due to the small discrepancy in the thick-
ness of the fabricated device with respect to the designed
t˜, which is caused by the etch rate variations at small
feature sizes [45]. Specifically, the total thickness of the
fabricated device deviates by approximately 30 nm from
the designed value of 266 nm that equalizes η1 and η2.
Given the thickness of the fabricated device we can esti-
mate, based on the RS calculations reported in Fig. 1 (e),
that the two focusing efficiencies will be different, i.e.
η1(λ1, f1) = 31% and η2(λ2, f2) = 26%. However, RS
simulations, while enabling the analysis of large-scale de-
vices, are based on scalar diffraction theory. Therefore,
these simulations do not account for vector coupling ef-
fects that become important when the incident radiation
interacts with the features of the device that are compa-
rable in size or smaller than the wavelength, resulting in
a wavelength-dependent efficiency drop. Often referred
to as ”light shadowing effects”, these vector diffraction
effects include reflection losses and the resonant behav-
ior observed in devices with high numerical apertures
[46, 47]. See Supplement 1 for more details regarding
full-vector simulations using the Finite Element Method
(FEM).
In order to further characterize the dual-band mecha-
nism, we display in Fig. 4 (a) both the normalized mea-
sured and simulated spectral response.The experimental
SR at f1 is not shown since most of its spectral band-
width lies outside our laser source wavelength range. On
the other hand, we have verified that the spectral band-
width of the second focus at f2 is consistent between ex-
6FIG. 5. (a) Experimental optical setup used for measuring the imaging properties of the fabricated multilevel diffractive lenses.
(b) Schematic of the imaging behavior of the dual-band multi-focal lens. An object with a polychormatic spectrum will focus
the image corresponding to the selected wavelengths bands centered at λ1 and λ2 at separated image planes at z1 and z2. (c-d)
images of the object formed at z1 and z2, respectively.
periment and measurement. Indeed, the simulated and
measured FWHM of these spectral responses are equal
to 120 nm and 100 nm, respectively.
Moreover, we characterized the FWHM of the two fo-
cal spots in Fig. 4 (b). This parameter quantifies the
ability of our device to concentrate electromagnetic ra-
diation. Specifically, the diffraction-limit of a annular
focusing system is described by [48]:
I ′(β(r)) =
I◦
(1− 2)2
(
2J1(β(r))
β(r)
− 2J1(β(r))
β(r)
)2
(5)
where  = r1/R, β(r) = 4piRr/λ2
√
r2 + f22 , and J1 is
the first order Bessel function of the first kind. This
function results in an intensity distribution similar to an
Airy pattern but with slightly increased intensity in the
side lobes. Indeed, eq. 5 reproduces a standard Airy pat-
tern when  = 0 and substituting R, f2, and λ2 with r1,
f1, and λ1 in β(r). By solving eq.(5) at different focal
planes for different incident wavelengths as a function of
r when I ′(β(r))=0.5, we obtain the analytical FWHM
spectrum of the point spread functions of the inner and
outer phase component. We compare these analytical re-
sults in Fig. 4 (b) with respect to the simulated (dashed
lines) and the measured (markers) FWHM as a function
of λ. The experimental results were found to be in good
agreement with the simulated values with only a slightly
larger FWHM than theory in both cases. These data
demonstrate that dual-band multi-focal diffractive lenses
produce almost diffraction-limited focal spots at different
operation wavelengths.
VI. IMAGING BEHAVIOR
There is a growing interest in the engineering of flat op-
tical components with the ability to form well-separated
images at different positions along both the longitudi-
nal [41, 42] and vertical directions [49]. In these de-
vices the positions of the focal points are controlled
with the helicity or with the polarization of the inci-
dent light. In this section, we demonstrate that the de-
veloped multi-focal diffractive lenses provide wavelength-
controlled multi-focal imaging using unpolarized light il-
lumination. This results in the formation of two indepen-
dent images at two different positions depending on the
wavelength, as demonstrated in Fig. 5. In Fig. 5(a) we
display a schematic picture of the optical setup used to
characterize the dual-band imaging performance of our
device. Here, we image our object positioned before the
compact dual-band multi-focal MDL using a 4f imaging
system consisting of two objectives. The imaging behav-
ior of the MDL as a function of position along the z-axis
can then be characterized by an imaging setup consist-
ing of a high NA objective, tube lens, and camera all
mounted on a motorized translation stage. In our exper-
iment we image a 60µm long cross-shaped object defined
in a 300µm by 300µm wide square region obtained us-
ing a lift-off process with a 50 nm thick Cr mask on SiO2.
We illuminate our object at λ1 and λ2 using a halogen
lamp filtered by a monochromator (Cornerstone 260) and
collimated. The operation principle of the fabricated
dual-band multi-focal device is illustrated in Fig. 5 (b).
Considering the geometry of our experimental setup, the
images will be formed at the plane positions z1 and z2,
7as predicted by using the Gaussian lens equation [43]:
1
zo
+
1
zm
=
1
fm
(m = 1, 2) (6)
where zo equal to 350µm is the object distance. As pre-
dicted by eq. (6), Fig. 5(c-d) show two clear images of our
object at z1=102µm and z2=155µm when illuminating
with λ1 and λ2, respectively. These results demonstrate
that two images are formed for the two selected narrow
bands at designed locations along the longitudinal direc-
tion.
VII. CONCLUSION
In conclusion, we have designed, fabricated, and char-
acterized compact visible and NIR dual-band multi-focal
diffractive microlenses. These devices are based on high-
index materials compatible with very large scale integra-
tion fabrication methodologies resulting in a considerable
reduction in cost, complexity, and size compared to alter-
native implementations based on the meta-lens approach.
The proposed multifunctional microlens design shows the
capability to focus two different incident wavelengths at
two different focal positions along the optical axis. More-
over, the same design concept demonstrated here can be
applied to simultaneously focus predefined spectral bands
at the same focal spot. This allows integration atop
advanced on-chip detector architectures, enabling ultra-
compact multispectral devices for imaging and spectro-
scopic on-chip applications [35]. For instance, our de-
vices could be used as multispectral microlens arrays for
differential multiphoton microscopy [50–52]. Finally, we
have shown that dual-band multi-focal microlenses can
image, under unpolarized illumination, an object at two
designed focal positions depending on the incident wave-
length. This enables the encoding of the depth infor-
mation of a sample into different spectral images, i.e.
multispectral confocality [53], which can be exploited for
3D image reconstruction and in future tomographic ap-
plications.
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